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Sec7 protein (Sec7p) is required for membrane traf-
fic in the yeast secretory pathway. Because Sec7p reg-
ulates more than one stage in the pathway, it has been
difficult to assign the most proximal requirement for
Sec7p action. We have engineered a novel mutant
whose Sec7p levels are regulated by growth conditions
and by selective protein destabilization according to
the N-end rule. Sec7p depletion causes cell growth ar-
rest and accumulation of transport proteins with post-
translational modifications indicative of Sec7p depen-
dence for ER-to-Golgi traffic, in addition to the already
characterized Golgi requirements. Immuno-EM of sec7
revealed exaggeration of ER and Golgi membranes
with protein accumulation in these exaggerated struc-
tures, suggesting that these regions may represent
staging areas for cargo sorting and vesicle assembly.
© 1998 Academic Press

Key Words: Sec7p, yeast, secretory pathway, endo-
plasmic reticulum, Golgi apparatus.

Membrane traffic between organelles of the secretory
pathway is mediated by transport vesicles that func-
tion in the sorting, targeting and delivery of cargo. The
study of the proteins responsible for yeast membrane
traffic has been facilitated by the genetic selection of
temperature-sensitive secretory mutants (1, 2). This
collection includes coat proteins recruited from the cy-
tosol during transport vesicle formation (3). One of
these proteins, Sec7p, is an abundant 230 kDa phos-
phoprotein that is recruited onto membranes for traffic
at multiple stages of the pathway (4—7). Shifting tem-
perature-sensitive (sec7®) mutant yeast to the restric-
tive temperature resulted in the accumulation of cargo
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proteins at each stage where Sec7p function was re-
quired (8, 9). EM images of these mutants showed exag-
gerated stacks of membranes resembling the Golgi ap-
paratus in plant and animal cells (10-12). Immuno-
fluorescence data, like the EM results, were interpreted
to mean that Sec7p function was restricted to the Golgi
apparatus, with no apparent involvement in the ER-
to-Golgi stages of the pathway (4, 10, 13). However,
data from transport assays demonstrated a role for
Sec7p in ER-to-Golgi traffic in vitro (14, 15). If Sec7p is
part of the machinery for regulating membrane traffic
between compartments, then it is reasonable to postu-
late its involvement at each stage from the ER and
through the Golgi apparatus.

To analyze the role of Sec7p more precisely, we
constructed a conditional mutant strain where Sec7p
expression can be regulated, and was further engi-
neered for destabilization according to the N-end
rule, thus speeding its turnover rate in vivo (16). We
show that the presence of a “destabilizing” residue
at the amino-terminus exerted a dramatic effect on
the steady state abundance and turnover rate of the
usually long-lived Sec7p. Using this strain, we uti-
lized biochemical and morphological approaches to
define the most proximal requirement for Sec7p func-
tion in the secretory pathway.

MATERIALS AND METHODS

Plasmids, strains, media and antisera. The wild-type yeast used
to construct the regulated SEC7 strain was AFY71 (W303 strain,
17). The sec7®™ strains used in this study were AFY80, sec7-1 or
AFY83, sec7-4 (9). Plasmid amplifications and subcloning was carried
out by standard techniques, using E. coli HB101 strain. YNB mini-
mal medium was composed of 6.7 g/l yeast nitrogen base without
amino acids (Difco), 2% glucose or 2% galactose plus 2% raffinose, and
supplemented with amino acids as appropriate. Antisera to Sec7p (4),
glucose-6-phosphate dehydrogenase (Sigma), invertase (9) and CPY
(9) were used. Gaslp and affinity-purified HDEL antisera were
kindly provided by Drs. Fankhauser (18) and Pelham (19) respec-
tively.
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Generation of the conditional-lethal destabilizing sec7 mutant. To
facilitate rapid turnover of Sec7p, the SEC7 gene was engineered
into a destabilizing fusion gene construct as described previously
(20). This construction fused ubiquitin, a signature destabilizing
amino acid of the N-end rule, arginine, followed by an influenza
epitope tag, all in frame with the full-length SEC7 gene (see Fig. 1).
To generate this fusion construct, the SEC7 coding region was first
cloned into pGEMflu (20). From this construct, the Lacl/flu/SEC7
sequences were cloned into the pSE362 expression vector with the
GAL10 promoter and ubiquitin/destabilizing Arg residue from
pUB23 to create the plasmid pGAL-ArgSEC7. The fusion protein
expressed from this construct was termed Arg-Sec7p. A fusion pro-
tein with a stabilizing Met residue was similarly engineered. To
generate the pGAL-SEC7 mutant strain, wild type AFY71 yeast
bearing pGAL-ArgSEC7 were transformed with a plasmid to disrupt
the genomic copy of SEC7. To prevent recombination with the plas-
mid-borne SEC7, the LEU2 gene replaced much of the 5’ noncoding
and coding regions of SEC7. This disrupt construct could not recom-
bine with pGAL-ArgSEC7, which contained only the SEC7 coding
region. Transformants were replica-plated onto media containing
glucose and colonies that grew on galactose were isolated.

Immunoblot analysis. Cells were ruptured by glass beads with a
urea-SDS lysis buffer (21). Lysates were heated at 55°C 30 minutes,
then diluted with SDS-sample buffer. Proteins were resolved on 8%
polyacrylamide SDS-gels, then transferred to nitrocellulose over-
night. Antibody binding to the nitrocellulose was detected with *?°I-
protein A (ICN), and the blots were exposed to film at —80°C. The
immunoblots were quantitated by Phosphorlmager (Molecular Dy-
namics).

Cell radiolabeling and immunoprecipitations. Whole yeast cells
were radiolabeled in YNB media with Tran®*S-label (ICN) at 50 uCi
per ODgoo (107) cells, as described previously (21). The radiolabel
pulse was performed for 7 min at 30°C (or 37°C for ts mutants), then
chased with a 100X dilution of 0.4% methionine, 0.3% cysteine in 50
mM NH,SO,. Lysates were prepared in 8M urea, 1% SDS. Aliquots
were mixed with antisera plus protein A-Sepharose beads (Phar-
macia) diluted in immunoprecipitation buffer. The immunoprecipi-
tated proteins were dissociated in urea-SDS lysis buffer for 10 min
at 70°C, before dilution with SDS sample buffer for resolution on 8%
polyacrylamide gels. Use of fresh 33% acrylamide/0.5% bis-acryl-
amide stock solution improved electrophoretic resolution of the CPY
intermediates.

Electron microscopy. The wild-type or sec7-4® mutant AFY83
yeast were grown overnight in YP + 5% glucose at 25°C, washed
briefly then transferred to YP + 0.1% glucose at 37°C for 1.5h. Cells
were fixed in 3% paraformaldehyde, 0.5% glutaraldehyde. Prepara-
tion of the cells for embedding in Lowicryl HM20, sectioning and
immuno-labeling was described (22).

RESULTS

Engineering a destabilized yeast sec7 mutant. To
assess the effects of Sec7p depletion on the function of
the secretory pathway in vivo, we constructed a strain
in which the genomic copy of SEC7 was disrupted and
substituted by a plasmid-borne copy under the control
of a regulatable GAL10 promoter. We experienced
problems with depleting Sec7p from the cell if the wild
type gene was under galactose promoter control. Due
to the long halflife of wild type Sec7p (>2h, data not
shown) and 6-fold overexpression of the SEC7 gene
product in galactose, cells shifted to glucose required
over 24 h before the growth rate of the culture slowed.
Sec7p levels decreased primarily due to cell division,
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and phenotypic defects eventually appeared even
though Sec7p pools were never fully depleted. There-
fore, to improve the efficiency of protein depletion after
promoter repression, a strategy was developed to desta-
bilize Sec7p according to the N-end rule (16, 20). Ubi-
quitinated fusion proteins are rapidly processed in
yeast cells by a deubiquitinating enzyme to yield free
ubiquitin plus the remainder of the fusion protein. This
reaction can be exploited to generate proteins that dif-
fer in their N-terminal amino acid which, in turn, can
determine the stability of the protein. According to the
N-end rule, methionine is a stabilizing residue, while
arginine is a destabilizing amino acid at the protein
amino-terminus. The construct pGAL-ArgSEC7 ex-
pressed the Arg-Sec7p fusion protein under control of a
galactose promoter (GAL10), which is induced in media
containing galactose, yet repressed when glucose is
present (Fig. 1). Another Sec7p fusion protein was engi-
neered with N-terminal methionine (pGAL-MetSEC?7).
The Sec7p fusion proteins were competent for function,
as their expression suppressed temperature-sensitive
defects in sec7® mutants at 37°C (data not shown). A
pGAL-SEC7 mutant was generated by disrupting the
SEC7 chromosomal gene in wild-type yeast harboring
pPGAL-ArgSEC7, making Arg-Sec7p the sole SEC7
gene product in this strain.

Sec7p depletion leads to growth arrest. Replica-
plating the pGAL-SEC7 strain from galactose to glu-
cose confirmed that Sec7p was essential to cell growth
(23). Growth in liquid media was monitored for the
kinetics of growth arrest after switch to glucose. pGAL-
SECY7 cells grown in galactose showed similar doubling
times (~2.7h) as wild-type yeast (Fig. 1B). Surpris-
ingly, growth arrest of pGAL-SEC7 yeast in glucose
was not observed until 14h (~5 doublings). However,
the pGAL-SECY7 cells were viable for up to 19h of glu-
cose repression. To demonstrate cell viability, equal ali-
quots from wild-type or pGAL-SECY7 cultures shifted to
glucose were plated onto galactose. At 16-19h, similar
numbers of colonies arose from both cultures (Fig. 1C).
Yet after 21 h on glucose, the pGAL-SEC7 cells were
mostly inviable. As expected, pGAL-SEC7 cells plated
onto glucose at any time point did not form colonies.
Hence, for a significant window of time, Sec7p depletion
was not lethal. This result emphasized that for up to
19h in glucose, the observed phenotypes were not due
to cell death, but reflected Sec7p requirements.

Sec7p levels were examined by immunoblots of lysates
from cells harvested at different times after switching to
glucose/repressing medium and quantitated by normaliz-
ing the blots to endogenous levels of glucose-6-phosphate
dehydrogenase. Cells expressing pGAL-MetSEC7 (Fig.
2A) or normal SEC7 under galactose promoter control
(Fig. 2B) exhibited ~6-8 fold higher Sec7p levels than
wild type yeast. In contrast, cells expressing pGAL-Arg-
SECY in galactose showed only ~20% Sec7p levels com-
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FIG. 1. Sec7p shut-off affects cell growth. A. The pGAL-ArgSec7
construct for expression of the destabilizing Arg-Sec7p mutant. B.
Growth curves of the pGAL-SEC?7 strain on glucose (solid circles) or
galactose (open circles), compared to wild-type yeast (squares) are
shown. C. Viability of pGAL-SEC7 yeast after growth on glucose.
Equal aliquots of cells shifted to glucose were plated onto glucose or
galactose. The number of colonies reflect cell viability at 16.5 and
21h after shut-off of Arg-Sec7p expression.

pared to wild type yeast (Fig. 2A). Thus, even in galac-
tose, Arg-Sec7p was less stable. Arg-Sec7p pools were
nearly depleted by 8h, while Met-Sec7p was still evident
after 24h in glucose. These results indicate that the
amino-terminal residue significantly affected Sec7p sta-
bility, in accordance with the N-end rule.

Sec7p function is required for ER-to-Golgi protein
traffic. Previous experiments indicated a role for
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Sec7p in ER-to-Golgi traffic in addition to intra-Golgi
transport. The effect of Sec7p depletion was therefore
tested on yeast protein traffic in vivo. The trafficking
of CPY, a soluble vacuolar hydrolase, can be monitored
by post-translational modifications as the protein ac-
cesses enzymes during transit through specific path-
way compartments (9, 24, 25). As shown in Fig. 3A,
normal kinetics for CPY maturation were observed in
wild-type yeast and the pGAL-SEC7 strain grown in
galactose. CPY translocated into the ER appears as a
67 kDa, core glycosylated p1 species. The core oligosac-
charides are elaborated in the cis-Golgi compartments
by the addition of one to two mannoses in the «1,6
linkage. Further outer chain carbohydrate modifica-
tions that occur in subsequent Golgi compartments in-
clude mannoses attached in «1,2 and «1,3 linkages to
yield the 69 kDa p2 form (9). Upon arrival at the vacu-
ole, p2-CPY is processed to mCPY, the mature 61 kDa
form. Thus, CPY traffic was maintained at normal
rates in pGAL-SEC7 yeast grown in galactose, despite
5-fold lower steady-state Sec7p levels.

In contrast to the normal profile, CPY immunopre-
cipitated from radiolabeled lysates of pGAL-SEC7 cells
cultured in glucose was recovered as p1-CPY ER spe-
cies, with some aberrant modification of the CPY inter-
mediates appearing as p1* and m* forms at later chase
times (Fig. 3A). Similar results were obtained in sec7*
yeast shifted to 37°C. The absence of the p2-CPY inter-
mediate in sec7 mutants indicates that the aberrant
pl* and m* species arose from precocious activity by
the «1,6 mannosyltransferases and processing prote-
ases trapped together with the p1-CPY intermediate.
This explanation is supported by the observation that
the p1* and m* species lacked mannoses added in the
«1,3 linkage normally found on p2- and mature CPY
that has properly transited the pathway (data not
shown). Hence, these results suggest that p1-CPY was
trapped in a pre-Golgi compartment upon loss of Sec7p
function.

The transport of Gaslp, a glycosylphosphatidylinosi-
tol (GPI)-anchored plasma membrane protein (18), was
also evaluated. The Gaslp precursor in the ER is a 105
kDa GPIl-anchored precursor with N- and O-linked core
oligosaccharides. This 105 kDa form was previously
characterized as an ER intermediate by accumulation
in sec12 and sec18 mutant yeast at the restrictive tem-
perature (18, 26). Gaslp maturation in the cis-Golgi
resulted in the appearance of a 125 kDa form, as seen in
pulse-chase analysis of Gaslp in wild-type and pGAL-
SECY cells cultured in galactose (Fig. 3B). In contrast,
the 105 kDa form accumulated in pGAL-SEC7 in glu-
cose and in sec7® yeast at the restrictive temperature.
Hence, the accumulation of membrane-anchored Gaslp
duplicated results obtained with the soluble CPY pre-
cursor, in that these substrates were trapped in the
pathway as pre-Golgi intermediates.
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FIG. 2. Sec7p obeys the N-end rule for protein stability. A. Shown are immunoblots of lysates from wild type (WT) cells or yeast
expressing the stabilizing Met-Sec7p mutant (pGAL-MetSEC7) or the destabilizing Arg-Sec7p mutants (pGAL-ArgSEC7) as the sole source
of Sec7p expression. Cells were harvested at the indicated times after switch to glucose media. Sec7p levels (left panels) were normalized
by the levels of glucose 6 phosphate dehydrogenase (G6PDH, right panels) in the lysate. B. Wild type yeast (WT) and yeast where the wild
type SEC7 gene is under galactose promoter control (GAL-WT) were grown on galactose and lysates were blotted for steady state levels of

Sec7p (left panels) normalized to G6PDH (right panels).

Immuno-EM labeling of proteins accumulated in sec7
mutants. EM analysis was performed with sec7-4*
yeast as the effects due to Sec7p depletion in the condi-
tional pGAL-SEC7 mutant closely paralleled those ob-
tained with the sec7® cells, yet Sec7p inactivation is
more rapidly established in the sec7® mutant. EM anal-
ysis of the sec7ts mutant revealed exaggerations of nu-
cleus-associated and peripheral ER cisternae (Fig. 4).
The signature sec7 mutant stacks of flattened saccules
were seen (e.g. Fig. 4B,C), but this exaggerated com-
partment did not dominate the EM images, as pre-
viously reported (10-12).

To investigate the lumenal composition of the exag-
gerated organelles in sec7® yeast, immuno-labeling was
carried out. Invertase is a soluble secreted protein
whose expression is induced in the absence of glucose.
Pulse-chase analysis in sec7® yeast showed that an un-
derglycosylated invertase was retained within the cell
(9). Immunogold localization of invertase in sec7® dem-
onstrated labeling in the lumen of peripheral ER cister-
nae underlying the plasma membrane (Fig. 4A). In
some cells, invertase labeling was observed in cylindri-
cal sheet-like structures with connections to the flat-
tened stacks of membrane cisternae.

Do these exaggerated organelles in sec7® yeast com-
prise ER, intermediate or Golgi compartments? Pro-
teins that possess a KDEL/HDEL tetrapeptide se-
guence at their carboxyterminus (e.g. Kar2p/BiP, pro-
tein disulfide isomerase) are localized to the ER by
retention and retrieval mechanisms (e.g. 27). Attempts
to label wild-type yeast with the affinity purified HDEL
antisera failed to reveal any specific signals (data not

shown). Immuno-gold localization of HDEL-containing
proteins in sec7® yeast surprisingly revealed that label-
ing was restricted to distinct domains of the nucleus-
associated and peripheral ER membranes (Fig. 4 C,D).
No HDEL antibody labeling of the exaggerated mem-
brane stacks was observed. However, labeling of the
abundant HDEL-containing proteins was not evident
throughout the ER, but only in distended regions exag-
gerated by Sec7p inactivation.

DISCUSSION

We have engineered an N-end rule destabilizing mu-
tant of the yeast SEC7 gene under control of the GAL10
galactose promoter. Sec7p depletion in pGAL-SEC7 or
inactivation in sec7® strains causes cell growth arrest
and blocks the traffic of soluble CPY and GPI-linked
Gaslp membrane protein in the secretory pathway.
The diagnostic post-translational modifications on pro-
teins accumulated in sec7 mutants reveals a pre-Golgi
block in traffic (9, 25-30).

The characterization of a Sec7p requirement in ER-
to-Golgi traffic in vivo is supported by results from cell-
free transport assays. The introduction of Sec7p anti-
bodies to the transport reaction disrupts ER to Golgi
traffic in vitro (14). Sec7p-coated transport vesicles are
immuno-isolated from the Sec7p antibody treated reac-
tion, and the radiolabeled «a-factor substrate cargo is
recovered as the core-glycosylated ER species. ER to
Golgi transport is also blocked in the cell-free assay
when wild type cytosolic proteins are substituted by
cytosol from sec7 mutants (7). Thus, the biochemical
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FIG. 3. CPY and Gaslp traffic was disrupted in sec7 mutants. A. Pulse-chase analysis of CPY traffic. Wild type (WT), pGAL-SEC7 and
sec7™ (AFY80) strains were grown for 16h in the relevant medium. Harvested cells were pulse labeled for 7 minutes in either glucose (glc)
or galactose (gal) containing medium, then chased for the indicated times. CPY was immunoprecipitated from cell lysates and resolved on
SDS-gels. B. The samples for Gaslp immunoprecipitation were prepared as described in panel A.

evidence supports an assignment for Sec7p in ER-to-
Golgi traffic.

The N-end rule works for Sec7p. The destabilizing
Arg-Sec7p in pGAL-SEC7 yeast grown on galactose is
present at ~5-fold lower levels than wild type Sec7p,
yet the mutant grows with normal rates. Arg-Sec7p
drops to undetectable levels 8h after shifting the mu-
tant strain from galactose to glucose, yet growth rate
is affected only after 13h. This suggests that wild type
levels of Sec7p significantly exceed cellular require-
ments for normal growth. Further, the effect of the
N-end rule signature amino acid was highlighted by
comparing Sec7p levels with the stabilizing Met resi-
due or the destabilizing Arg residue in the engineered
mutants. Both steady state levels in galactose and pro-
tein turnover after shift to glucose were dramatically

affected. These results emphasize the value of utilizing
the N-end rule to affect otherwise stable proteins.

Sec7p is found in both soluble and membrane-bound
fractions (4, 6, 7). Fractionation experiments with Arg-
Sec7p indicate that the membrane-bound form is more
refractory to turnover than the cytosolic Arg-Sec7p pool
(data not shown). We are evaluating the consequences
of Sec7p depletion on the stability of the proteins nor-
mally complexed with Sec7p in the cytosol (6, 15, 31).
Thus, use of the pGAL-SECY7 strain will facilitate dis-
section of the biochemical role for Sec7p and its associ-
ated proteins in vesicular traffic.

Sec7p defects affect both ER and Golgi morphology.
Support for the hypothesis that the most proximal re-
quirement for Sec7p function is at a pre-Golgi stage of
the pathway comes from immuno-EM analysis of the
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FIG. 4. Immuno-EM labeling of luminal proteins in sec7® yeast at the restrictive temperature. The top panels are representative
examples of immunogold labeling with invertase antibodies accumulated in sec7® yeast at the restrictive temperature. The bottom panels
represent immunogold labeling of HDEL-bearing proteins with affinity-purified anti-HDEL peptide antibodies. Note labeling of membrane
protuberances (arrows).

sec7®™ strain. In Fig. 4, exaggerated organelles seen at resemble Berkeley bodies (first described in (8)). Previ-
the restrictive temperature include protuberances of ous EM studies with sec7® mutants did not emphasize
nucleus-associated and peripheral ER cisternae, mem- exaggeration of ER compartments, since they were not
brane stacks, and cylindrical sheet-like structures that as obviously affected (8, 10—12). The elegant EM work
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from Rambourg et al. revealed the striking and pre-
dominant stacks of Golgi cisternae when sec7® yeast
were incubated at 37°C, even after 7.5 minutes (12).
One principal difference of the sec7 mutants in this
study is the strain background. Earlier EM studies had
been performed with sec7 strains that apparently har-
bored a suppressor mutation in the strain background,
which is eliminated by genetic outcrossing (9, 31). The
suppressor masked the ER-to-Golgi defect without in-
fluencing the later Golgi traffic blocks. Therefore, in
the earlier sec7® mutants, the Golgi phenotype would
be more evident than an ER block, while both pheno-
types are observed in the present images.

Proteins are sorted into staging areas in sec7® mu-
tants. We observe immunolabeling of both invertase
and HDEL-containing proteins in the exaggerated or-
ganelles in sec7® yeast (Fig. 4). The HDEL motif, like
the mammalian KDEL sequence for protein retrieval,
is found at the C-terminus of numerous luminal ER
proteins (32). The nuclear apposition of the mem-
brane protruberances favors the interpretation that
these protuberances constitute regions of the ER. Im-
muno-EM of wild type yeast with HDEL antibodies
failed to reveal any labeling (E.v.T., unpublished ob-
servations), despite the fact that ER localization of
the HDEL-containing Kar2p is readily observed by
immuno-EM using antibodies to a different segment
of the polypeptide (33).

What could be the significance of the HDEL labeling
in sec7® yeast, and why is it apparently restricted to
these protuberances rather than throughout the ER?
The protuberances may represent an ER subdomain,
like transitional elements in mammalian cells, where
post-ER destined proteins are sorted from the general
ER milieu (2, 28, 34). While ER luminal proteins are
retained by an HDEL-independent mechanism, pro-
teins with the HDEL motif exit the ER at low levels in
wild type yeast (27). In the ER, departing HDEL pro-
teins are separated from the general population. Nor-
mally, these HDEL-containing proteins are retrieved
from intermediate or Golgi compartments, presumably
in association with the HDEL receptor, Erd2p (27, 35).
Defects in the retrieval system result in the secretion
of HDEL-containing proteins from the cells (19, 27, 35).
Binding of the HDEL receptor at distal compartments
for retrieval back to the ER obscures the HDEL epitope,
thus interfering with immuno-labeling. In sec7 mu-
tants, the vesicle staging area may be grossly distorted
if budding is prevented. The HDEL epitope is no longer
shielded from antibody recognition by its receptor or
by the general ER retention machinery. This would
explain the immunolabeling of the HDEL motif on pro-
teins in these membrane protuberances.

Interestingly, disruption of ER to Golgi transport by
overproduction of the Sec12p membrane protein also
results in the appearance of membrane protruberances
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from the nucleus-associated ER, like those seen in
sec7® mutants. Immuno-EM of HDEL-containing pro-
teins (Kar2p/BiP and protein disulfide isomerase) and
a protein destined for the vacuole, proteinase A,
showed labeling in these “BiP bodies” as well as
throughout the ER (36). Thus, two independent traffic
defects exhibit ER protuberances when vesicle budding
is blocked.

An alternate explanation is that these protuber-
ances represent the yeast equivalent of the mamma-
lian intermediate compartment in ER-to-Golgi traf-
fic. The definition of an intermediate compartment
in yeast is presently obscure, as it depends on the
identification of activities distinct from either the ER
or the Golgi (2, 37).

In summary, Sec7p is recruited onto membranes dur-
ing vesicle assembly, although its biochemical role may
be normally encountered after vesicle budding (e.g. un-
coating and/or the recruitment of molecules required
for targeting) but certainly prior to membrane fusion
with the target organelle (15). We propose that the
aberrant function of Sec7p in the sec7® strains prevents
vesicle budding from the ER, leading to the accumula-
tion of proteins in vesicle staging areas, and causing
aberrant dilation of the affected regions. Furthermore,
we conclude from in vivo and in vitro work that the
most proximal requirement for Sec7p function is in ER-
to-Golgi traffic.
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